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Abstract 
Within the Southern Appalachian Seismic Zone, focal mechanism studies taken in 
conjunction with epicenter lineation orientations tend to predict the presence of an active 
conjugate system comprised of north-south and east-west trending faults underlying the 
region. The faults are likely contained within the crystalline basement rocks and could 
possibly exert some control on the expressed structures and characteristics of the 
overlying strata; thus, outcrop exposures in the immediate area surrounding proposed 
locations of statistically derived epicenter alignments could potentially reveal basement 
fault influence manifested at the surface. The immediate areas around two derived 
lineations, one in northwestern Georgia and the other in northeastern Tennessee, provide 
the opportunity to investigate if any observable surface expression of these individual 
predicted deep source faults is present. Although the site in Georgia does not provide an 
adequate number of rock exposures sufficient for analyzing, outcrops are present at the 
study site in Tennessee north of the towns of Mascot and Strawberry Plains that provide 
enough information for obtaining measurements, geologic mapping, and interpretation of 
the results. The survey in Tennessee seems to corroborate the predicted east-west 
orientation for a proposed basement fault in the area, but the results are inconclusive and 
offer no definite evidence as to the trend of the possible fault. The results of previous 
focal mechanism studies, the fault orientation solutions from statistical analysis of 
epicenter locations, and the tentatively proposed basement fault surface expression 
seemingly observed in this survey, all lend credence to the existence of an active east-
west trending basement fault near Mascot, Tennessee. 
Introduction 
The southern Appalachian Mountains consist of Alleghenian-derived thrust 
blocks comprised of Paleozoic age rocks that were moved westward along a decollement 
surface as Pangaea converged during the Late Paleozoic Era. Although active orogenic 
processes have ceased in the southeastern United States, the regions along the 
Appalachians remain seismically active, producing many small-scale earthquakes of 
magnitudes not exceeding 4.6 (Bollinger, 1973; Bollinger et ai., 1976; Reinbold and 
Johnston, 1987; Chapman et ai., 1997), and have earned the designation of the Southern 
Appalachian Seismic Zone (Fig. 1). The seismicity of the defined zone extends 
northeasterly from north-central Alabama to the border of West Virginia and Virginia, 
with the activity concentrating within the Valley and Ridge and Blue Ridge provinces of 
Tennessee and North Carolina (Johnston et ai., 1985; Powell et ai., 1994; Chapman et ai., 
1997). The drawn borders of the zone rely upon the historical concentrations of epicenter 
locations because there are no obvious relationships between surface geologic structures 
and earthquakes (Long, 1982), suggesting a decoupled basement as the probable origin 
for the seismic events. 
A variety of studies involving focal mechanism determinations, potential field 
methods, and comparisons between the surface geology and seismic lineaments lend 
support to the proposition that within the region, earthquake hypocenters develop within 
the underlying crystalline basement rocks, but the exact causative fault orientations 
remain ambiguous. Chapman et ai. (1997) statistically derived preferred fault 
orientations of east-west, north-south, and northeast-southwest based upon epicenter 
locations within the Southern Appalachian Seismic Zone when using a modified two-
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point azimuth analysis procedure developed by Lutz (1986) in conjunction with Monte 
Carlo simulation (Lutz, 1986). The analysis produced three significant east-west 
lineations, with two of the east-west trends, one in northwestern Georgia and the other in 
eastern Tennessee, serving as survey sites in this study, which attempts to constrain the 
associated fault orientations by utilizing surface geologic features to try to determine if 
any observable surface fault expression exists that may suggest fault directions and 
movement. 
Velocity, gravity, and magnetic surveys provide information regarding the 
seismic characteristics of the region and their association with potential anomalies. The 
northeastward-trending New York-Alabama aeromagnetic lineament described by King 
and Zietz (1978) and the Clingman/Ocoee aeromagnetic system identified by Nelson and 
Zietz (1983) bound the seismic activity within the Southern Appalachians (Fig. 2) 
(Johnston et al. , 1985), with the projection of the northwestern seismic zone boundary 
corresponding to the New York-Alabama lineament (Powell et aI. , 1998). The magnetic 
and gravitational anomalies likely represent deep contrasts present within the underlying 
crustal structure (Nelson and Zietz, 1976; Nowroozi, 1997). The magnetic anomalies 
correspond negatively with the northeastward-striking velocity anomalies, which display 
a positive correlation with the Bouguer gravity anomalies (Powell et aI., 1998). The 
potential field surveys show that earthquakes tend to concentrate along the steepest 
velocity gradients and are constrained by the major gravity and magnetic regional 
anomalies, with the coincidence between the different potential fields supporting the 
existence of major basement discontinuities below the Alleghenian thrust sheets (Powell 
et aI. , 1998). 
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Focal mechanism studies help restrict possible fault orientations, movements, and 
placements through the determination of the principal stress axes from associated 
earthquake sequences, but solutions for concealed faults resolve into conjugate pairs and 
are, thus, not exact. For the Southern Appalachian Seismic Zone focal mechanism 
studies reveal a maximum northeast-southwest horizontal compression with 
corresponding strike-slip motion on approximately north-south (right-lateral) or east-west 
(left-lateral) oriented nodal planes (Johnston et aI., 1985; Kuang et aI., 1989; Nowroozi, 
1997). Chapman et ai., (1997) have designated an additional northeast-southwest (right-
lateral) or southeast-northwest (left-lateral) possible nodal plane pair solution. A 
reevaluation of focal mechanism solutions conducted by Powell et al. (1998) using a 
three-dimensional velocity model produces a mean hypocenter depth of 12.8 km, with the 
majority of hypocenters occurring in a vertically bounded region of an approximate width 
equal to 30 km that extends from 4 km to 22 km in depth. The focal mechanism results 
are valuable in attempting to associate earthquake events with potentially related geologic 
structures; therefore, the deep hypocenter solutions and the general absence of apparent 
surface features corresponding to the nodal plane solutions suggest a basement origin for 
the observed regional seismicity and that there is decoupling between the basement rocks 
and the overlying strata. 
The existence of seismic lineaments that are not related to surface features can 
also attest to possible faults contained within the underlying basement that are merely 
hidden by the surface thrust sheets. Nowroozi (1997) observes that after drawing line 
segments through different epicenters, variously oriented epicenter lineaments become 
apparent, varying from N31 OOE to N400E with a dominating N300E trend. Sykes (1978), 
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Barosh (1986, 1990), and Talwani (1989) have all suggested epicenter alignments 
trending northwest-southeast and northeast-southwest for the southeastern United States. 
The more rigorous statistical analysis of epicenter locations conducted by Chapman et al. 
(1997) mentioned previously that considers the scale length of derived epicenter 
lineaments produces fault solutions that are in good agreement with the nodal planes 
found in the focal mechanism studies. When using scale lengths of 10 krn, 20 km, and 30 
krn, Chapman et al. (1997) observe that epicenter concentrations cluster around N85°E to 
N95°E, and for the 20 krn and 30 km scales, an additional northeast trend develops. A 
spatial correspondence between the focal mechanism nodal planes and epicenter 
alignments is evident between N800E to N100oE, with significant statistical east-west 
lineaments occurring in northwest Georgia (34.8°N, 85.2°W), near the center of the zone 
in Tennessee (35.5°N, 84.4°W), and another in northeastern Tennessee (36.1 oN, 83.7°W) 
(Fig. 3). 
The southern Appalachians, besides displaying earthquake activity that allows 
derivation of possible seismic lineations, also express cross-strike structural 
discontinuities (CSDs) trending obliquely to the northeast strike of the mountain range. 
The CSDS are grouped into individual transverse zones and are likely influenced by 
underlying basement fault activity. Thomas (1990) suggests the following probable 
contributing factors in the formation of CSDs within thrust environments, such as the 
southern Appalachians: 1) sub-thrust basement faults, 2) surface faults originating from a 
basement source, 3) drape folds in the cover strata over basement faults, 4) stratigraphic 
variations in the strata containing the decollement, and 5) a combination of stratigraphic 
contrasts and sub-thrust basement structures. Although direct evidence for presently 
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active basement faulting in the form of surface ruptures is not present in the Southern 
Appalachian Seismic Zone, indirect indications preclude deep-rooted seismic activity as 
the origin for the observed earthquakes within the region, but studies present a variety of 
possible fault orientations as potential seismic sources. 
Hoping to restrict the active basement fault orientations, the study involves 
visiting the site locations of two of the statistically significant east-west epicenter 
alignments described by Chapman et al. (1997) in the hopes of finding field evidence 
attesting to fault influence. Plotting the lineation in northwestern Georgia at coordinates 
34.8°N, 85.2°W and the one in northeastern Tennessee at 36.1 oN, 83 .7°W on their 
respective topographic quadrangles (Fig. 4) aids in locating nearby accessible cultural 
structures, such as roads or railways, or natural features like waterways that potentially 
could expose sections of the surrounding rocks. Visiting the possible outcrop sites in the 
immediate area of the lineation locates the actual existing rock exposures, which can be 
subsequently utilized in the attempt to determine if any observable fault evidence is 
present. Any located outcrops were noted on the corresponding quadrangle map and 
photographed. Relevant measurements of the rocks, along with descriptions and 
observations, were also recorded. 
The first epicenter alignment visited was the one located in northwestern Georgia, 
where the Valley and Ridge Province consists of an easterly thickening wedge of 
Paleozoic sedimentary rocks that have undergone thrust faulting and folding, along with 
foreshortening (Chowns, 1989). The statistically proposed fault is contained within the 
Nickajack Gap quadrangle (1983) and is situated orthogonal to a north-south boundary 
between Walker and Catoosa Counties, along Peavine Ridge in a small valley near 
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Coulter Creek (see Fig. 4a). The lineation falls within the Kingston thrust sheet, which is 
soled by the Conasauga Group (Chowns, 1989), and lies enclosed by Knox Group 
stratigraphy. In Georgia, the late Cambrian-Early Ordovician Knox Group includes the 
Copper Ridge Dolomite, the Chepultepec Dolomite, and the Longview Limestone, which 
are all mapped as one unit by Cressler (1981). The Knox Group produces abundant chert 
deposits, with quarries being situated near the site locality, and can contain extensive 
solution openings (Cressler, 1963). The relief in the immediate area of the lineation 
coordinates reaching only around 60 meters, which in conjunction with a relatively small 
topographic gradient and expansive vegetation coverage, does not produce significant 
outcrops. 
The lineation locality in northeastern Tennessee occurs within the Mascot 
quadrangle (1966, rev. 1987) (see Fig. 4b) in the economically valuable zinc-producing 
Mascot-Jefferson City District. The Lower to Middle Ordovician post-Knox rocks of the 
Chickamauga Group host the epicenter alignment within this area, which is situated less 
than half a mile north of the locality termed as the Big Bend of the Holston River. The 
actual coordinates given by Chapman et al. (1997) appear to fall upon a boundary 
between the Lenoir Limestone and the Holston Marble, as defined by Bridge (1953), on 
the western border of a syncline that now exposes Middle Ordovician sediments 
belonging to the Ottosee and Tellico Formations (Fig. 5). Bridge (1953) mapped the 
majority of the geology of the surrounding strata within the Mascot area, including the 
area immediately west of the lineament, but a more detailed geologic map of the rock 
units located directly east of Chapman et al. 's (1997) coordinates within the unmapped 
region of Bridge (1953) was not found. In the Mascot-Jefferson City District, the Middle 
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Ordovician units do not usually exhibit sharp contacts, intergrading laterally (Bridge, 
1953), and can consist of either terrigenous or carbonate sediments (Walker et aI., 1980), 
representing different source origins and formational processes in the history of the 
basin's infilling. Some thrust faults and associated splays occur within the area, which 
also displays many dissolution features and quite commonly conceals subsurface 
drainage. The topographic relief near the lineation is around 80 meters, and luckily an 
assortment of small outcrops is exposed along some of the surrounding road cuts and the 
pastures. 
Methods 
The two locations of the statistical epicenter alignments in northwestern Georgia 
and northeastern Tennessee, along with being plotted on their respective quadrangles 
Nickajack Gap and Mascot, were also located on the geologic maps of their specific 
areas. The topographic quadrangles allow the determination of accessible localities that 
could potentially contain rock exposures, while the geological representations for the 
areas served as a means for the identification and classification of any rock units 
consequently found. Unfortunately, within the close proximity of the northwestern 
Georgia lineament there were no observable outcrops, so the alignment in Tennessee just 
north of the towns Mascot and Strawberry Plains is the primary focus of the study. 
The project area is limited to the four square-mile region surrounding the lineation 
coordinates (Fig. 6), with the eastern half having no detailed corresponding published 
geological map. All roads contained within the defined project borders were explored for 
rock exposures, with subsequent located outcrops being evaluated through the acquisition 
of strike and dip measurements, of hand specimens, and of photographs, while also 
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having general outcrop descriptions recorded. The collected rock measurements, along 
with the mapped geological information of Bridge (1953), were placed on tracing paper 
that could be superimposed upon the topographic quadrangle, relating the geologic 
information at the various site localities with the corresponding topography. This method 
also allows overall comparisons and correlations of the assorted rock types within the 
study area in order to determine if any surficial features indicate possible influence from 
the hypothesized east-west basement fault of Chapman et al. (1997). One individual site 
straddles the eastern continuation of the epicenter lineation coordinates and contains 
varying stratigraphic beds along with a thrust fault, warranting the more detailed, small-
scale survey performed at that location (Fig. 7). 
Results 
Evaluating the located rock exposures (Table I) reveals units of either shale or 
limestone, "marble", comprising the Ordovician-aged deposits geologically mapped as 
Ottosee Shale. The shale is typically fissile and thinly bedded, consisting of highly 
broken light-brown colored beds with lenses of light-gray sediment (Fig. 8), but it can 
vary to become dark-gray in appearance and to behave more massively. Continuous 
layers of the light-gray shale, along with more resistant sandy beds, can also be present. 
The "marble" outcrops within this section of the Ottosee Shale unit tends to be siliceous 
and fossiliferous, having a pink, coarsely crystalline nature, such as sites 0731A and 
0731F (Fig. 9), or displaying a gray, fine-grained character, such as outcrop 0731D (Fig. 
10). 
The majority of the measured beds strike in the general northeast-southwest 
direction typical of the Appalachian Valley and Ridge region, with the exception of a 
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marble outcrop found in the northeastern section of the study area expressing a portion of 
a fold containing a limb that trends in a northwest-southeast manner and dips to the 
southwest (Fig. 11). The remaining recorded strikes are typically between N44°E and 
N60°E. The recorded dips of the beds range from 25°SE to being almost vertical at 
88°SE, with the most steeply dipping beds corresponding to shales positioned along Big 
Bend Road that are located in the footwall of the bordering thrust fault to the southeast 
and with the lower dip angles being located within the overlying hanging wall. 
The exposures comprising the concentrated survey at the western intersection of 
Howell and Jennings Roads display a thrust fault that has resulted in a repeated sequence 
of beds consisting of a dark-gray, massive to medium-bedded limestone, a light-gray 
thinly bedded limestone, and a more massive light-gray limestone that has weathered to 
produce scattered blocks and is heavily covered by vegetation. The sequence of beds and 
the expressed fault rotate strike, ranging between N400E and N49°E in the southwest to 
trending at lower angles between N28°E and N35°E in the northeast, with an outcrop 
lying between these two extremities of the small survey area exhibiting more 
intermediate strike values of N33°E to N37°E (see Fig. 7). 
Discussion and Conclusions 
Many different varieties of rock type belonging to the Ottosee Shale are exposed 
within the survey area (see Table 1), along with other Ordovician-aged outcrops 
belonging to the other various previously mapped units, and although rock exposures are 
somewhat limited and do not allow extremely precise mapping, some general conclusions 
based upon the survey results can be drawn. The outcrop of Longview Dolomite at site 
0731 C displays a northwest-southeast strike contrary to the predominant northeast-
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southwest trend typically found at the majority of the other exposures that is apparently 
an effect of a small shear or fold, which appears to propagate eastward through the 
different units. The placement of the small fold corresponds to the location of the 
Chapman et ai. (1997) statistically derived east-west basement fault. The measured 
rotations in bed and thrust fault strikes at sites 0731A and 0731F, which comprise the 
smaller scale survey, suggest the eastward-oriented continuation of the displacement, 
with the strikes' being affected indicating younger than Alleghenian deformation or 
continuing activity affecting the area. 
Error within the small-scale survey arises from inaccuracies inherent in the 
conduction and acquisition of the exposure positions. The recorded distances and their 
graphical representation do not compensate for the variations in topographic elevation, 
introducing placement error in the map view of the sites. A simple hard tape measure 
provided the distances used to produce the small map and thus, the distances are merely 
estimates and not very precise. Surveying equipment using Global Positioning System 
(GPS) coordinates would provide a more concise and true representation of the outcrops 
and their corresponding relationships within the concentrated study area. 
The observed flexure in the Ordovician units occurring where Chapman et al. 
(1997) statistically produced an east-west lineation supports the possible incidence of a 
basement fault of this manner at this location that has exerted a rather small influence 
upon the overlying strata, but the results are inconclusive. The nature of the change in 
strikes of the beds observed in the small-scale survey indicates left-lateral movement if 
underlying strike-slip movement is indeed responsible for the apparent curvature. 
Overall, the results of the study appear to confirm the previously calculated fault planes 
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of the focal mechanism studies, which in general resolve both north-south and east-west 
oriented strike-slip basement faults, thus lending subsequent support for the possibility of 
a corresponding active conjugate fault system. A sequence of earthquakes that occurred 
in the vicinity of Mascot in 1983 indicates that there indeed likely exists an active fault 
within the immediate area, while providing focal mechanism solutions, which exhibit the 
typical north-south or east-west nodal plane orientations (Powell et al., 1994) (Fig. 12). 
The survey results, along with the work done by Chapman et al. (1997), provide 
additional credence to the east-west orientation. 
The suggested manifestation of an underlying east-west basement fault being 
observed in the Ordovician deposits within the study area can be attributed to several 
probable fault effects that could influence the surrounding strata, such as the list of 
potential controlling factors on CSD development proposed by Thomas (1990) for thrust 
environments. The production of earthquakes in the immediate area around the statistical 
east-west epicenter alignment and the thrust faults' expressing offset as well as its host 
strata at the small scale survey site, though, advocate an origin related to the basement in 
the manner of a basement-rooted fault or the propagation of the effects from a decoupled 
basement fault. The absence of an actual observable bed offset tends to support the latter 
causal mechanism. 
A gravity survey concentrating on the area would likely help in contributing more 
detailed information on the underlying basement structure and properties. Integrating 
some refraction survey lines would also be useful for constraining any possible basement 
features that may be influencing the surface structure and appearance. Considering the 
importance and prominence of the Mascot-Jefferson City district within the zinc mining 
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industry, the understanding of the area's structure is economically valuable. The zinc 
deposits are confined to strata of the Longview dolomite and Kingsport limestone 
(Brokaw, 1960), which in accordance with the acquired strike measurements of the study 
may exhibit attestation for being affected by the speculative basement fault, thus 
warranting a more accurate and in-depth survey of the area. 
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Figure 1. Earthquake (M ~ 0.0) epicenter locations for events occurring from July 1977 to June 1985 within the 
southeast United States (from Kuang et at., 1985). The Southern Appalachian Seismic Zone extending from 
Alabama to the west Virginia-Virginia border is evident. 
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FilUl"C 2. PoI:cntial fi.cld mops of the portion of th: Southern AppolachillTl Seismic Zane showing 
~ltrlh(llJak~ epicenl.er loc-tJium; iTl relal.;(ln I~ll.he pCllenl;ltl field aTlolT1ltlie!; w; l.hinlile Easlern 
TCID1.essee Seismic Zone. The New York-A1abama lineament in the upper aeromagnetic maps 
bounding the seifIJlucity to the nOltllwest is evident, as is a gravity low in the bottom two fig-
ures (from Powell erai., 1998). 
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F€ure 4. ThpograpbK maps showing the approximate locl.lions of the two Chaprmn n al. (1991) linel.lions . 
The north~sll[n Gtorgja epicenter liNl.lion(a) occurs at34.8N ,852W Uld the northeastern TefINssee (b) 
liNUioncoorolrW.es are 36.lN , 83.1W. These t'lro li:IeUions proYiledpotelll:ialinvtstigUn siles fortrytlg 
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Figure 5. Geologic map (scale 1 :31 680) produced by Bridge (1953) :flowing the relative relatiooship 
between the local rock units of the Mascot-Jeffe-soo City area and the coa-dinates of the northeastern 
Tennessee epicenter lineaticn determined by Cllapman et cd. (1997). The approximate positicn of the 
lineaticn ocrurs alcng the cootaci between the Lenoir Limestone and the Holston Marble. The un-
mapped seciicn to the east consists of undifferentiated units belonging to the ot1ossee and Tellico Foon-
atioos. 
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Figure 6. The four squ:lre-mile study :lfe~ in northe~stem Tennessee centered upon the ~proxim~ted 
coordinates of the epicenter lineation derived by Chapm an et al. (1997). Study sites :Ire shown, and 
the relative location of the more detail ed survey conducted during the study is denoted by the rectang-
ul:lr inset (im:1ge produced from 1: 24 000 USGS M2scot. Tenness ee topogr~hic qu~drangle m ~p) . 
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Figure 7. SllIaJJ-5CaJc survey oortCloponding to rectangular inset in Fig. 6. 'nle dclkction 
of the bedding strikes and rault LrnCC "lIgg~; j'lO!\.'\iblc dcfornlati,)f1 that may be attributed 
to the proposed underlying east-wc.;.t strike-!>Jip Ilell-lateral :> hll~mcnl fnult . 
Thc qucstion marks indicate inferred contact> arid the pO.<i~ib\i: placcm~.'t1t of the strike-slip 
fault. 
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SITE LOCATION OUTCROP DESCRIPTION MEASUREMENTS 
0731A cow pasture on Thinly bedded, coarsely crystalline, N32°E to N37°E, 45°SE to 
eastern side of the pink marble that has a light- to 48°SE; 
most western medium- gray weathering surface; N28°E, 59°SE; 
intersection of Howell medium bedded to massive dark N35°E 
and Jennings roads gray limestone that weathers into 
blocks mostly covered by vegetation; 
thrust fault 
0731B 1.4 mi west of Kingsport limestone: massive, NI7°E, 36°SE 
western medium-gray siliceous limestone 
HoweJVJennings exhibiting very thin laminations and 
intersection on quartz rhombs 
northern side of 
Howell Rd. 
0731C 0.6 mi south after Longview dolomite: siliceous, fine- NI56°E,42°NE 
Howell/Clear Springs grained (sugary) dolomite containing 
intersection quartz inclusions (- 1.5 cm) 
0731D 0.7 mi north along Thinly bedded siliceous, pink to N54°E,35°NW 
Byerly Bend Rd. in gray, coarsely crystalline N73°E,54°SE 
cow pasture on left; fossiliferous limestone; small 
sink hole present localized folding of beds 
0731E 0.8 mi west of eastern Thinly bedded, dark-gray, siliceous, N57°E, 66.5°SE 
Howell/Jennings non-fissile shale that becomes more N60oE, 41.55°SE 
intersection on fissile to the north 
western side of 
Jennings Rd. 
0731F 1.0 mi west of eastern Repeated sequence of light-gray, N44°E, 50oSE 
Howell/Jennings thinly bedded, coarsely crystalline N49°E,62SSE; 
intersection limestone and more massive dark- N42°E 
gray limestone; thrust fault present 
0731Gi Across from Dugnan Very thinly bedded, fissile, medium- N54°E,73°SE 
Rd. on eastern side of brown shale containing lenses of 
Big Bend Rd. light-gray fissile shale 
0731Gii 0.15 mi north of Same shale as previous exposure N57°E,76.5 °SE 
previous outcrop on 
right side of Big Bend 
Rd. 
0731H 0.3 mi north of Same shale as previous exposure N46°E, 88°SE 
Dugnan/Big Bend 
intersection on right 
side of Big Bend Rd. 
07311 0.35 mi east of Same shale as previous exposure, but N70oE, 86°SE 
Dugnan/Big Bend more thinly bedded 
intersection on left 
side of Big Bend Rd. 
0731J On right side of Big Siliceous, medium bedded, fine- N62°E, 83.5°SE 
Bend Rd. before grained, dark-gray marble that has 
western intersection been deformed and folded 
with Carrie Cir. 
Table 1. RepresentatIon of located rock exposures occurrIng WIthIn the study area where descriptions and 
measurements were taken. 
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Figure 9. The coarsely-crystalline limestone "marble" outcrop at site U73lF. 
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Figure 12. An equal-area, lower hemisphere projection of the focal mechanism solution for the 
Mascot Sequence (M 3.8) (from Johnston et al., 1985). Solid circles represent compressions; 
open circles are dilations; triangles are aftershock readings; + and - symbols represent com-
pressions and dilations ofless than impulsive character, respectively. 
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